
GROWTH RESPONSES OF HEMP TO DIFFERENTIAL SOIL AND
AIR TEMPERATURES
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Introduction

Recent stuidies of physiological ontogeny in plants have revealed a iiunu-
ber of significanit interrelationiships among different plant organs. Con-
siderable knowledge of the formative effect of one organ uponi another
during the course of development has been obtained by exposing various
parts of the planit to conitrasted environmental conditions such as differenees
in photoperiod or temperature. In studies of this kind, however, observa-
tions have usually been eonfinied to responses of the shoot with only inci-
dental attention to the root. Though the effect of temperature Uponi develop-
ment has been repeatedly studied, entire plants have commonly been exposed
to different temperatures in such a manner that it has been difficult, if niot
impossible, to determinie whether variations in formative response were
primarily due to the effect of a given temperature upon the root or upon
the shoot. In order to determine whether a given temperature exerted its
characteristic formative and metabolic effects primarily through the root or
through the shoot, a growth experiment employing a rapidly developing
annual with tops and roots exposed to unlike temperatures was devised.
Ordiniary hemp, Canniabis sativa, was selected as test material, lnot only
because of its experimental conivenience and known sensitivity to tempera-
ture, but because of current interest in its response to the low temperatures
of the northern latitudes in which commercial hemp production is at preselnt
being developed. A record of structural developmenit was maintained from
the time of germination to maturity, and the various formative responses
were correlated with salt and water intake.

Procedure

The experiment consisted of two parts, performed sequentially. In the
first part (A), employhing anl unselected strain of the native hemp, Cannabis
sativa, the course of structural development, water, and salt intake was
traced in a population comprising both sexes in the usual proportions. In
the second portion of the experiment (B), employing a selected strain of
commercial Kentucky hemp, plants were studied individually in order to
observe niutritional as well as structural differenices distinguishing staminate
and pistillate individuals. Apart from differenees in number of plants per
culture and in variety of hemp used, experimental conditions were essen-
tially comparable in both portions of the experiment.

In part (A) of the experiment, seedlings of niative Iowa hemp were trans-
planted from sand flats 11 days after germination to two-gallon glazed jars
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NELSON: GROWTH RESPONSES OF HEMP

eaeh coutaining two kilograms of acid-waslhed, solute-free quartz gravel of
- to 1-iiieh size. Three plaints were placed in each of 72 jars to which had
beeni added (through 5" pyrex glass tubes extenldiug" to the bottom) three
liters of 0.01 per cent. coneenitrationi of AWITHROW'S niutrienit solution for
moderate light (22). A divisioni inito four differenit temperature series of
18 jars each wvas then made as follows:

1. Top anid root both mainltained at 30° C., designated as H/H.
2. Top temperature at 300, root temperature at 13' C., designiated as H/L.
3. Top temperature at 15°, root temperature at 30° C., designlated as L/H.
4. Top anld root both maiuitaiiied at 15° C., designated as L/L.
To avoid unidue shock to the youngo' seedlinos, the above temperature

differenitials were achieved graduallv durilng the first four davs after tranls-
plaiitationi.

f/'*./ /6F-

Jrt

FIG. 1. Experim-enital set-up sliowuing: (a), H/H series; (b), H/L series; (e), L/H
series; (d), L/L series.

The H/H anid H/L oroups wecrc placed in a greenhouse room whose air
temperature was kept at 300 C. by thermostatically controlled steam heat.
To obtaini a low root temperature for the H/L plants, their jars were enclased
in a specially, designed inisulated benchl (fig. 1), the temperature iniside of
whichl -was thermostaticallyv maintained at 15' C. by mieanis of a Frigidaire
compressor uniit. The 15' differen-tial in temperature thus occurred at the
grounid linie or tranisitioni poinit from planit root to top.

The L//H and L/L groups were placed in anl adjoining cold room whose
air temiperature was mainitaiiied at 150 C. by meanis of thermostatically regru-
lated heat. The L/H jars were enicased in ani electrically heated, inisulated
bench (fiG. 1), the temiperature inside of which was maintainied at30s C. by
thermostatic control.
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NELSON: GROWTH RESPONSES OF HEMP

Temperatures were checked continuously by means of thermographs
placed inside the insulated benehes and in the two rooms to provide a con-
stant 15° temperature differential. Slight diurnal air temperature vari-
ations of brief duration were inevitable but a minimum 150 differential was
nevertheless maintained at all times. A hydrograph placed in each room
provided continuous records of relative humidity. The air in the two rooms
was maintained at a meani relative humidity of 50 per cent. by daily spray-
ing of the concrete floors with water as needed.

The culture jars were completely drained twice weekly by siphoning and
the quantity of residual solution was measured to provide an exact record
of water consumption throughout the growth cycle (table I). To maintain
the optimum nutrient supply it was necessary to replenish each jar with two
liters of nutrient solution following drainage of residues. As growth pro-

6.80

U~5.6. ...... L

DAYS

FIG. 2. pH of wreekly nutrienlt residues. Average pH of fresh nutrient solution
added was 5.2. * Date of anthesis.

gressed the concentrationl of the nutrient solution used was gradually in-
creased to 0.02 per cent. In order to trace the general effect of roots on the
hydrion concentration of the nutrient solution, the pH of the original stock
solution and of the residues recovered at the time of renewal each w^eek were
measulred electrometrically by means of a glass electrode (fig. 2).

To provide a photoperiod favorable to vigorous vegetative development
of the plants, the extremely short day length of this season of the year
(October-January) wNas auomenlted by seven hours of daily supplemental
illumination of approximately 300 fc intensity at pot level supplied by an
automatically controlled battery of Mazda bulbs. This insured a daily
16-hour photoperiod. The supplemental lighting wras also providled during
the daytime whenever the sky was overcast. A record of the sex of each
plant in part (A) was made at the expiration of 82 days. The supple-
mental ligthting wTas then disconltinued and at the end of the 99th day (fol-
lowing 17 days of approximately 8-hour photoperiod provided by natural
December daylig,ht alone) another plant sex check wvas made to determine
final sex ratios and percentage of sex-reversal in each of the four tempera-
ture series (table II).
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Continuous observation of leaf growth was made, a weekly leaf coUnlt
and a daily record of leaf abscission was kept (table II). Leaf areas were
determined by making- blueprints of all the leaves from six typical plants,
including approximately an equal number of each sex, in each of the four
temperature series. The areas of the blueprint impressions were subse-
quently computed by use of a planimeter anld the data recorded as mean
area per leaf in each series (table II). Stem elongation was measured weekly
and a comparison of stem diameters and internodal lengths was made at the
end of the experiment (table II).

TABLE II
MORPHOLOGY OF HEMP PLANTS IN FOUR TEMIPERATURE SERIES OF PART (A);

54 PLANTS IN EACH SERIES, AGE 99 DAYS

H/H H/L L/H L/L
LEAVES

Total niumber of leaves per planit. 50 41 65 48
Leaves abscissed in 99 das.. 14 12 8 10
Intact leaves per mature plant. 36 29 57 38
Meani area per leaf (cm.2) ..... 5.5 5.7 10.4 10.7

STE_MS

Diameter at basal node,mm.2.7 2.7 3.4 3.1
Height in centimeters.... 60 5 7 47 49
Number of nodes produced.. 31 28 16 18
Internodal length, cm. ......................... .. .... 1.9 2.0 2.9 2.8

SEX RATIOS

Percentage male plants, 82nd day, 16-hr. photo-
period....0...aO.0 41.5 4.2 3.8

Percenitage femiiale planits, 82nd day, 16-hr. plio-
toperiod ................................................................... 50.0 58.5 95.8 96.2

Percentage male plants, 99th day, photoperiod
shortenied to 8 hrs. during last 17 days 64.0 56.5 52.0 45.5

Percenitage female plants, 99th day, photoperiod
shortened to 8 hrs. last 17 days.36.0 43.5 48.0 54.5

Percentage sex reversals, male to female be-
tween 82nid and 99th days.9.5 0.0 0.0 0.0

Percenitage sex reversals, female to male be-
tween 82nid and 99th das.24.0 15.0 48.0 41.5

As a check on growth responses observ-ed in the first portion of the
experiment (part A), described above, and in order to obtain comparative
data oii a commercial variety of hemp improved by selectionl, Kentucky hemp
was employed in the second part (B) of the experiment. As stated, in this
seconid experimenit cultures of one plant per jar were employed in order
that weight, ash, and water requirements could be correlated with the sex
of each plant. Seeds of Kentucky hemp for this portion (B) of the experi-
ment were planted Jalnuary 15, tran-splanted Januarv 27, and subsequently
exposed to temperature variables and otherwise treated as in (A). Four
replicate samples comprising six plants, three of each sex, from each tem-
perature series were comminuted anid dried to constant weight at 1050 C.
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NELSON: GROWTH RESPONSES OF HEM2IP

These samiiples w^ere theni ionited at low red heat anid the ash weighed to
colnstanit weight.

Data and discussion

Planits in all four temperature series developed rather uniiformly for the
first four weeks, after which differeniees in growth began to be apparent.
Variations in stern elongation, stem diamiieter, leaf size, texture, thickness,
anld color had become quite marked by- the sevenith week. MIean daily water
consumptioni per plant increased progressively until anithesis at wlhieh time
a sharp deeline was lnoted in all series (tables I and III; fig. 3). In each
inistaniee a subsequeilt inierease in 'Water absorptioni occurred at the late
flowering and seed formiiatioin stage. Coincident with reduced water intake
a miarked upward shift in pH of weekly- nuttrient residues was nioted (fig. 2).

130 - ____

120 diH/

L, 100
u 90

80o.

Lu60

U 5

16 23 30 37 44 5 58 65 72 79 86 93 160 167
DAYS

FIG. 3. Daily water initake of alm-e alnd feimiale lhenmp plants (B) during growth eycle.
* Date of aiithesis.

H,'H SERIES

At the seventh week of growth the meani stemn length of plants in this
series had surpassed all others by moore thani seven centimeters. These plants
exhibited the greatest stem lengotll anid niode number but smallest internlodal
length and stem diameter unitil maturity (tables II and IV). Though the
smallest mean leaf area ocecurred in this series (table II), plaiits of this
group possessed the highest percentaoge of leaf ash (table V). It is also
noteworthy that the H/H plants absorbed the greatest total quantity of
water in their growth eyele in spite of their relatively small aggoregate leaf
area. The water absorption per uinit dry weigyht of the entire plant (water
requiremelnt) was not only greatest in this series but it surpassed the two
cold air temperature series (L/H and L/L) by more than two and one-half
times (table VI). The water loss in mlilliliters per square centimeter of leaf
area was more thani twice that of the L /L series. This would suggest that
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300 PLANT PHYSIOLOGY

TABLE III
MEAN DAILY WATER CONSUMPTION BY STAMIINATE AND PISTILLATE HEMP PLANTS (B)

AT DIFFERENT ROOT AND SHOOT TEMPERATURES

1943 MEAN WATER CONSUMPTION PER PLANT PER DAY

H/H H/L L/H L/L
FROM TO -

5 9 5 9 e 9 5 Q

ml. ml. ml. ml. ml. ml. ml. ml.
1/31-2/5 29 32 26 23 23 19 7 9
2/5 -2/12 29 29 16 11 24 31 15 13
2/12-2/19 40 43 17 19 27 26 19 16
2/19-2/26 48 64 37 31 35 39 28 24
2/26-3/5 92 94 65 51 58 49 36 35
3/5 -3/10 78 81 67 50 66 57 36 38
3/10-3/16 100 108 76 58 83 70 61 63
3/16-3/22 94 90 73 66 94 80 58 65
3/22-3/27 100 113 81 73 72 83 79 73
3/27-4/2 122 121 75 76 132 107 90 101
4/2 -4/8 122* 120 74* 84 107 79 55 76
4/8 -4/15 104 87 69 65 93 78 52 68
4/15-4/22 117 101* 74 63 98 80 61 77
4/22-4/29 101 107 80 65* 94 78 66* 80

Total water con-
sumption per
plant, mean 7452 7540 5182 4577 6290 5456 4109 4628

* Anthesis week.

TABLE IV
SEX DIFFERENCES OF FOUR TEMPERATURE SERIES OF HEMP PLANTS (B). AGE 106 DAYS

H/H H/L L/H L/L

5 9 5 9 5 9 5 9

No. of leaves per
plant (mean) 34 71 31 51 41 52 39 40

No. of nodes per plant
(mean) 36 28 34 26 20 15 22 16

Height of plant in cm.
(mean) 97 79 87 69 66 56 67 57

Basal stem diameter
in mm. (mean). 2.53 2.89 2.55 2.97 3.29 3.49 3.05 3.14

Dry. wt. per plant in
gm. (mean) .. .. 6.27 7.03 4,37 7.25 13.87 10.47 8.32 10.16

Age of plants in
days at anthesis
(median).. 80 93 82 99 106 112 101 112

Sex ratios (%).60 40 33 67 27 73 27 73
Total water consump-

tion per plant (ml.) 7452 7540 5182 4577 6290 5456 4109 4628
Water requirement* ... 1188 1073 1186 631 454 520 493 456

* Water requirement computed as total ml. water consumed by plant divided by total
grams dry weight of plant.
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rate of water absorption and transpiration may not be so much a direct fune-
tion of aggregate leaf area per plant as of soil and air temperature.

Reduced water supply to plants with lowering of the soil temperature
was established experimentally by SACIIS (21). The subsequent works of

TABLE V
ANALYSES OF HEMP PLANTS IN FOUR TEMPERATURE SERIES (B). MEAN'S

IN EACH SERIES, AGE 106 DAYS
FOR SIX PLANTS

TEMPERATURE FRESH DRY PER- ASH ASH, PER-
SERIES WEIGHT WEIGHT CENTAGE WEIGHT CENTAGE

DRY WVT. DRY WT.

gnt. gin. % ing. N

LEAVES

H/H 4.11 0.89 21.70 114.1 12.80
H/L 3.75 1.01 26.82 94.8 9.40
L/H 9.22 2.45 26.57 207.3 8.48
L/L 8.24 2.21 26.81 202.0 9.14

UPPER STEM

H/H 4.56 1.25 27.49 79.6 6.35
H/L 3.42 1.00 29.34 74.1 7.39
L/H 6.23 1.82 29.19 86.2 4.74
L /L 6.35 1.73 27.18 97.6 5.66

BASAL STEM

H/H 8.11 2.96 26.50 80.5 2.72
H/L 4.77 2.09 43.77 48.0 2.08
L/H 12.64 5.04 39.83 129.0 2.53
L/L 8.86 3.41 38.44 91.0 2.67

ENTIRE TOP

H/H 16.77 5.11 30.20 274.2 5.38
H/L 11.94 4.10 34.37 216.9 5.29
L/H 28.09 9.30 33.10 422.5 4.59
L/L 23.44 7.34 31.35 390.6 5.33

ENTIRE ROOT

H/H 9.53 1.55 16.23 189.2 12.21
H/L 10.66 1.71 16.05 146.5 8.57
L/H 21.39 2.86 13.39 301.2 10.52
L/L 14.55 1.90 13.07 128.2 6.75

ENTIRE PLANT

H/H 26.31 6.65 25.25 463.4 6.95
H/L 22.60 5.81 25.70 363.4 6.97
L/H 49.49 12.17 24.60 723.7 5.94
L/L 38.00 9.24 24.32 518.8 5.62

ARNDT (1), DEMIDENKO and BARINOVA (6), KRAMER (12, 13, 14) and MAxI-
i%iov (16) essentially agree that soil water viscosity is increased at lowered
soil temperature, rendering less water available to plants. Lowered absorb-
ing capacity of the roots is attributed to decreased permeability of root cell
walls and protoplasm. These factors, together with retarded physiological
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activity at low soil temperatuire, result in slower rootgorowth with the
eventual produictioni of a smaller root system. MAXIAIOV (16) miiakes a dis-
tinetion between heat-loviug plaints aind those of the wiinter-cereal type, the
latter being knowni to grow well in late autumu and early springo in spite of

periodical frosts. This is ineontrast to the suniflower, a warmli-temlperature
plant (4), in whieh the critical ratio between transpiration anid water absorp-
tion was reached when the root temperature was lowered to 40' F. (4.50 C.).
Amount of wiltino inereased with further lowering of temperature. DO RING
(8), not confining his observations to one kind of plant, found that in 51
different species water absorption decreased from 0.30 to 79.91 per cenit. with
a drop in soil temperature from 200 to0° C. Growth was retarded 70 to 90
per cent. in the species showing greatest absorption sensitivity. Seven spe-

TABLE VI
WATER REQUIREMEN'T AND ANABOLIC EFFICIENCY OF HEMP PLANTTS IN FOUR TE'MPERATURE

SERIES (B). MIEAN FOR 15 PLANTS IN EACH SERIES, AGE 106 DAYS

H/H H/L L/H L/L

Leaf area per plant, sq. cm. 253.3 234.9 275.5 317.5
Total water absorbed per plant, ml. 7465 4774 5678 4489
Total water loss per cm.2 leaf area, ml. 29.5 20.3 20.6 14.1
MIean dry wt. per plant, gni .....6.65 5.81 12.17 9.42

Water requirement*. 1120 921 466 486

Dry wt.,mg. 26 25 44 29
Leaf area, sq. cimi.
Ash wt., nig. ....... 1.8 1.6 2.6 1.6
Leaf aIrea, sq. cii..
Dry wt.-Ash (mig.) 24 23 42 28
Leaf area, sq. em.
Top/root ratio, dry wt. 3.30 2.40 3.22 3.86

Water requirement computed as total water conisumed by plant divided by total dry
weight of plant.

cies of plants, on the other hanid, showed slightly inereased absorptioll under
the same conditions.

Percentage drv weight and ash of roots was highest in the H/H series

(table V). While the roots of these plants comprised only a small pereent-
age of the fresh weight of the entire plant, their content of organiie matter
was relatively large. In the H/H male plants, the roots were coarse in tex-
ture and relatively unbranched, while roots of female plants were finler in
texture and considerably more branched.

High temperature of both soil and air had the effect of abbreviating the

life span and of increasing the amount of leaf abseissioii. These plants
showed the earliest inception of anthesis and earliest seneseence. Appear-
aiice of staminate flowers preceded the pistillate by approximately 11 days.
The series as a whole flowered a week earlier thani the H/L planits ancd three
weeks earlier than the two low air temperature series. Increasing soil tem-
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peratture (23) from 22° to 340 C. accelerated headingo of MIarquis wheat by
as muheli as 11 days, but soil temiiperatures above 340 C. retarded or prevented
earingo. A preponideraniee of male hemp plants occurred in. the H/H series
of both the (A) anid (B) groups. In the first group (A), grown from
October to Januiiary with 16-hour photoperiod for the first 82 days, sex re-
versals in both directions were nioted at the end of 17 days (age 99 days)
of eighlt-hour daylength. Some reversal of male to female was noted but
the perceintaoe shift of female to male w-as two alnd a half times as great
(table II). No hermaphroditism, mionoecism or sex reversal was apparent
in 106-day-old planits of the (B) group, grown in the January-April portion
of the year with 16-hour photoperiod for 80 days followed by 26 days of
approximately 121,-hours photoperiod (niatural day-length) for the remain-
der of the orowth cycle.

The residual solution of the H/'H series in the (B) group reached its
lowest acidity at 44 days and attainied its maximum pH on the 79th day.
The H/H residues showed maximal pH fluctuatioln (2.6 pH units) and
achieved lowest acidity of the lnutrienit residues of all series (fig. 2).

H/L SERIES

Botlh the aooregate number of leaves produced anid the total leaf area
per planit w-ere smaller in this than in anly other series. The leaves them-
selves were relatively thin and more finiely veined than in the L/H series.
Leaf abseissioni was niearly as high as in. the H/H series (table II). These
planlts show-ed least aiiabolic efficiency as noted by their low fresh and dry
weioht per planit (table V). CARROLL (3) similarly founid low\A soil tempera-
ture to be more inijurious to turf g,rass development thani low air tempera-
ture. The w-ater requirement in male hemp plants was nearly twice that
of the female plants in this series (table IV). It is nioteworthy that the
percentage dry weight of the basal stems in the H/L series was 43.8 per
cenit., indicatino extensive storage of organiie materials in the lower stem
region. This fact, coupled with a low- percentage dry weight of roots, suO-
gests the possibility of impaired translocation of reserves into the region
below- the gyrounid line due to low- root temperatures. Maximal free acidity
of niutrielnt residues drained from the culture jars w-as not achieved in this
series unltil the 86th day- but the maximum pH occurred soon afterwards on
the 100th day (fig. 2).

Gardeenia plants (11), subjected to low root temperature after having
grow-n at hiiogl soil temperature, show-ed little further vegetative growth but
set buds. On the other hand, plants that were subjected to high root tem-
peratiure followingo growth at low soil temperature grew- vigorously but set
nio buds.

L/H SERIES

Maximum stein diameter and greatest internodal length characterized the
planits in this temperature series. The leaves were also uinusuLal in appear-
ance, being very coarse in texture, large in size, extremely thiek, and in-
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tensely green in color. There was practically no leaf abscissioni in the L/H
series during the first seveen weeks and total abscission was lowest of the
four series (table II). At 58 days of age these plants were begiinning to
show more extensive root developinent than those of the other three series,
this characteristic beconinig nluch mnore pronounced at maturity as con-
firmed by mean fresh, dry, and ash weights of the entire root of the plants
in the (B) group (table V). The L/H plants flowered two weeks later than
the H/H series in the (A) group, and the difference in time of flowering was
even more pronounced in the second or (B) group. The pH of the nutrient
residues was lowest in this series on the 86th day but rose abruptly and
achieved its maximum pH on the 93rd day (fig. 2). CANNON (2), working,
with Opuntia versicolor, also found relatively great vegetative activity to
occur under conditiolns of low air and higher soil temperature.

L/L SERIES

The leaves on these plants were relatively large, attaining tlle miiaximum
area per leaf of the four series (table II). Though the stems attained a
height only slightly greater than in the L/H plants, the stem diameter was
relatively large. Leaf abscission was next to the lowest of the four tempera-
ture series. Despite the large leaves and maximal aggregate leaf area per
plant, this series absorbed the smallest quantity of water during its growth
period (table VI). These plants showed highest absolute ash weight in the
upper stem but a low percentage of ash indicatin(g considerable storage of
organic material in the stem (table V). This series also had the lowest per-
centage root dry weight (table V). The root dry and ash weight percent-
ages were lowest in this series (table VII). In view of the relatively large
fresh weight, these roots contained a high percentage of water. In the L/L
series, lowest pH of nutrient residue occurred at the 84th day while maxi-
mum pH was recorded on the 107th day (fig. 2). L/L plants flowered three
weeks later than the H/H series and produced a preponderance of pistillate
flowers in both the (A) and (B) groups. In Marquis wheat (23) greatest
dry weights of tops and roots resulted in plants orown at a soil temperature
of 22° C. Leaves were largest at 220 anid became lighter in color as the soil
temperature rose above 320 C.

Though the high frequency of sex reversal occurring in the (A) group
(table II) was not duplicated by the (B) group (table IV), the general low
air temperatures of the L/H and L/L series nevertheless predisposed to
pistillate flowers. MOLLIARD (17) using" Mercutrialis annua also folund a
marked correlation betweenl the growth temperatures employed and sex
ratios of the plants. Poa pratentsis (5) at soil temperature of 150 C. was
found to grow tall, succulent, and bushy with maniy leaves; at 350 C. soil
temperature the plants were erect, non-sueculenit, with few leaves, anid short
in stature. The vegetative habit of hemp in the L//L series was esseintially
similar to the former except as to stem length while the H/H series showed
many of the same characteristics as the above grass orown at 350 root tem-
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perature. Hemiip differed from the grass, however, in that high soil tem-
perature yielded optimum root development while low soil temperature
favored maximumi root growth in the latter.

TABLE VII
DRY A'ND ASH WVEIGHT OF VARIOUS PARTS OF HEMP PLANTS (B), AGE 106 DAYS.

TOTAL ABSOLUTE DRY WEIGHT AND TOTAL WEIGHT OF ASH IN ENTIRE
PLANT= 100 PER CENT., RESPECTIVELY

DRY WT. PER- ASH PERCENT-

TEMPERA- MEAN DRY WT. CENTAGE OF MEAN ASH WT. AGE OF ASH
TURE PER PLANT DRY WT. OF PER PLANT WT. OF EN-
SERIES ENTIRE PLANT TIRE PLANT

_____ 9 5 9Q 5 9 5 9

gin1. gin. % % Ing. mg. % %

LEAVES

H/H 0.56 1.22 9.2 17.4 78.2 150.0 17.3 31.7
H/L 0.53 1.49 12.1 20.6 50.3 139.9 20.5 28.9
L/H 3.04 1.86 21.9 17.8 224.3 190.3 28.0 29.6
L/L 2.20 2.22 26.6 21.8 161.0 242.8 34.2 42.8

UPPER STEM

H/H 1.19 1.32 19.0 18.8 102.9 56.2 22.8 11.9
H/L 0.83 1.18 19.0 16.2 67.0 81.2 27.2 16.9
L/H 1.99 1.65 14.4 15.8 108.1 64.3 13.4 10.0
L/L 1.67 1.78 20.1 17.5 116.3 79.0 24.8 13.9

BASAL STEM

H/H 3.01 2.91 48.0 41.5 97.1 81.9 17.5 17.3
H/L 1.71 2.47 39.1 - 34.0 37.0 58.9 15.1 12.2
L/H 5.54 4.53 40.0 43.3 138.0 119.9 17.2 18.7
L/L 2.90 3.91 34.9 38.4 69.3 112.7 14.7 19.9

ENTIRE TOP

H/H 4.76 5.44 76.2 77.7 260.2 288.1 57.6 60.9
H/L 3.07 5.13 70.2 70.8 154.3 279.4 62.8 58.0
L/H 10.56 8.04 76.3 76.9 470.4 374.5 58.6 58.3
L/L 6.78 7.90 81.6 77.7 346.6 434.5 73.7 76.6

ENTTIRE ROOT

H/H 1.51 1.58 23.8 22.3 192.1 186.2 42.4 39.1
H/L 1.30 2.12 29.8 29.2 90.6 202.4 37.2 42.0
L/H 3.31 2.42 23.7 |23.1 333.3 269.1 41.4 41.7
L/L 1.54 2.26 18.4 22.3 123.5 133.0 26.3 23.4

ENTIRE PLANT

H/H 6.27 7.03 .. ..... 452.3 474.3 ....

H/L 4.37 7.25 .. ...... 244.9 481.8 ....

L/H 13.87 10.47 ... .. | 803.7 643.6 I..
L/L 8.32 10.16 .. ... 470.1 567.5

Water requirement by the two low shoot temperature series (L/H and
L/L) was less than half that of the H/H and H/L series (table VI) which
would indicate a negative or at least no correlationi between rate of water
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absorption and anabolic efficiency. Carbohydrate synthesis has been found
to be high at low temperatures in other planits as well (18, 19, 20). Great
variation in response to temperature occurs among plants of different spe-
cies. The sulnflower (7, 10), in conitrast to hemp, shows maximumli vegeta-
tive developimeint when subjected to high air temperature. It can, there-
fore, be regarded as a heat-loving plant, whereas hemp shows more luxuriant
vegetative development at low air anid high root temperature.

On the basis of the foregoing data, high air temperature was found to
abbreviate the plant life spani by accelerated vegetative development with
relativelv early anthesis, anid seniescenee. While leaf number anid area of
the highl air temlperature planits were small, water contenit anid ash weight
of leaves were high. The wNater requirement per unit dry weight more thani
doubled at high as compared with low air temperatulre. Staminate flowers
begail blossoming two weeks earlier thaii pistillate flowers in the same series.

Conversely, low air temperature tenided to prololngr the vegetative phase
of growth about two weeks and favored producltion of stem and leaf tissue.
There was an increase in absolute and ash weight of the stem and of the
entire planit but the percentage of aslh in the entire plant was decreased by
low as comipared with high air temiiperatures. Low air temperature favors
simultanieoUs anithesis in the two sexes anid depresses the percentage of
staminate flowers in long day7. Short day at anthesis tended to reduce the
preponderance of staminiate flowers at low air temperatures. GRISKO anid
his associates (9) note that short-day treatment incduces a tendenicy in the
flowers of the two sexes in hemp to become hermaphroditic.

High root temperature tends to inierease the total water absorption and
the total number of leaves produced per plant. The absolute amount and
percentage of ash in the roots are likewise iniereased. Optimum conlditions
for vegetative development in terms of dry- weight gain were found in the
L/H series anid for early flowering in the HilH series. Conditions were least
conducive to vegetative growth in the H/L, while latest flowering occurred
in the L/L series.

Female plants absorbed more water wheni root and shoot developed at
the same temperature while male plallts showed greater aggregate water
absorption in those series in which there was a temperature differential
between root and shoot. The male planits averaged 14 centimeters taller
than the females in all series considered together ancd the individual male
plants were taller throughout thani the female plants within the same
series. Similarly the male plants developed the greater number of nodes
at all fouir temperature combinations. The female plants, on the whole, dis-
played greater root development than the male planits, surpassing males in
root fresh weight in every series. In dry weight of the root, the distinetion
was niot as sharp. The median date of flowering was 11 days earlier oni the
average for male than for female plants in the four series. LILIENSTERN anid
his associates (15) found higher photosynthetic rate in male hemp plants
prior to flower bud formation while in the female plants greater photo-
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syntlhetic activity oecurred subsequenit to flowering. On the basis of the
orioginal sex expressioin of a given set of plants under longc day eoniditionis of
16 hours, shift from longc to short day of eight hours at anthesis favors a
transitioni to phenologieal maleness. No such sex reversal or abnormalities
of sex expression occurred when the plants were shifted from a 16-hour to a
121-Vhour day lenigth at time of flowering.

Summary

The development of common hemp, Caih nabis sativa, grown in the green-
house in pure quartz gravel eultures, was traced from germiniation to
maturity under four different temperature conditions as follows:

1. Shoot and root both at high temperature (30° C.), series H/H.
2. Shoot at high temperature (30° C.) and root at low temperature

(15° C.), series H/L.
3. Shoot at low temperature (15° C.) and root at higrh temperature

(30° C.), series L/H.
4. Shoot and root both at low temperature (15° C.), series L/L.
A marked decrease in water consumption at or immediately after anthe-

sis followed by a subsequenit rise was noted in both staminate aind pistillate
plants of all series. AMarked sex reversal from female to male was noted in
the two series L/H anid L/L subjected to transitioni from long to short day
at anthesis.

Other siognificailt responises were:
1. H/H series: (a) AMaximium stem elongation; (b) largest niumber of

nlodes produeed; (e) earliest blossoming and seed formationi; (d) a pre-
ponderanice of male flowers; (e) lowest aggregate leaf area of the four series;
(f) greatest number of leaf abscissions; (g) hithest absolute water consump-
tioni durigo (growth cycle.

2. H/I/ series: (a) Lowest aggregate fresh, dry and ash weights; (b)
more male thani female flowers; (e) highest percentage dry weight in basal
stenm.

3. L/H series: (a) Largest stem diameter; (b) largrest individual leaves;
(e) highest aggregate fresh ancd absolute dry weight.

4. L/L series: (a) Greatest total leaf area; (b) smallest water coinsump-
tion per uniit leaf area; (e) hiohest percenitage of water content in the
roots; (d) latest blossoming of the four series; (e) preponderainee of pistil-
late, or female, flowers.

Though high soil and air temperature (300 C.) favors maximal elonga-
tioni anid uniformity of stein thickness, the foregoingcr data indicate that the
aggregate dry weigrht yield of hemp is approximately doutbled by a combina-
tioln of cool air (15° C.) and warm substrate (30° C.). The data also indi-
cate the great importanee of the edaphic as opposed to air temperature in
the structural and nutritionial ontogeny of hemp.

MISSOURI VALLEY COLLEGE
MARSHALL, MISSOURI
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